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ABSTRACT
Reproductive Rates, Kitten Survival, and Den Site Selection of Bobcats (Lynx Rufus) in the
Black Hills, South Dakota
Erin E. Morrison

The bobcat (Lynx rufus) is an important furbearer in South Dakota. However, management of
bobcats can be difficult because of their elusive nature and lack of demographic information. In
particular, managers lack information on abundance, survival, and reproductive rates necessary
to ensure sustainable harvests and stable populations through time. Additionally, cause-specific
mortality can provide insight into the factors influencing bobcat kitten survival rates, as well as
reveal actions managers could take to improve survival. Bobcat resource selection can vary
depending on spatial scale and it is important to understand how denning may result in different
selection patterns at multiple scales. There is currently little known about bobcat den site
selection and understanding this aspect of bobcat resource selection will provide valuable
information on bobcat ecology. I tracked 35 female bobcats in the Black Hills, South Dakota,
USA, during the spring and summer of 2020 and 2021. I obtained estimates of reproductive rates
by directly observing the number of kittens in the dens. To evaluate kitten survival and causespecific mortality, I fitted 40 bobcat kittens with VHF radio collars that were equipped with a
mortality switch. Estimates of breeding success, litter size, and kitten survival were analyzed
using Bayesian methods and I evaluated if they varied across several intrinsic and extrinsic
variables. I evaluated bobcat den site selection on a hierarchical scale: (1) at the den site and (2)
at the den area and determined resource characteristics associated with den site selection. Using
ground triangulation, I located dens (n = 27) from 18 collared adult female bobcats. I evaluated
bobcat den site selection using discrete choice analysis and fitted models using Bayesian
methods. Breeding success, the probability a female reproduced, in 2020 (0.56) was more than
twice as great compared to 2021 (0.26). Expected litter size was 2.11. Estimated annual kitten
survival was 0.17 and was significantly correlated to minimum daily temperatures. Primary
causes of mortality were starvation and predation. Bobcats selected dens that had significantly
higher horizontal cover compared to random sites at the den site scale. Bobcats also selected sites
that had significantly higher horizontal cover and terrain ruggedness compared to random sites at
the den area scale. These results suggest that den site selection is perhaps strongly driven by the
need for concealment from predators and other disturbances. Estimates of reproductive rates and
annual kitten survival are missing elements which will be used to create a demographic growth
rate model for bobcats in the Black Hills. Collected vital rates, combined with information on
den site selection, provide important insights into bobcat ecology and inform management of
bobcats in the Black Hills, South Dakota.
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Chapter 1. Introduction
The bobcat (Lynx rufus) is one of the most widespread carnivores in North America,
ranging from southern Canada to central Mexico, from the Atlantic to the Pacific coast, and is an
important furbearer across the continent (Hansen 2007). Throughout their range, bobcats have
played an important cultural and economic role for the fur trapping community due to the value
of their pelt. Consequently, intensity of bobcat harvest has varied throughout time in response to
fluctuating pelt prices and international demand for spotted furs (Hansen 2007). Currently, state
agencies are responsible for managing bobcat harvest in order to maintain sustainable yield
through time; however, historically, bobcat harvest was unregulated until the mid-1970’s.
Prior to the 1970s, wildlife managers had little concern for bobcats due to several factors.
The bobcat’s elusive nature made it difficult to study and it only occasionally depredated
livestock, so it was not considered a high priority nuisance species. Additionally, its pelt prices
rarely exceeded $5.00 between 1950 – 1970, equivalent to $36.56 in 2022 (Anderson and
Lovallo 2003). However, the passage of the Endangered Species Act in 1973 prevented the
import of fur from endangered cats, such as the critically endangered Iberian lynx (Lynx
pardinus), into the United States. Commercial trappers therefore focused their efforts on bobcats
as a source of spotted fur. Between 1970 and 1977, total bobcat harvest in the United States
increased from 10,854 to 83,415 per year and the total annual value of pelts increased from less
than $5000 to almost $6 million (Hansen 2007). Additionally, bobcats were listed as a “lookalike species” to the Iberian lynx under Appendix II of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES) in 1977. This listing required
management agencies to ensure that harvest was not “detrimental to the survival of that species”.
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To determine the effect of harvest on bobcat survival, managers needed to first understand basic
demographic information and ecological requirements for bobcats, including survival,
reproduction, and habitat use.
Research on bobcat demography and habitat use grew rapidly in the 1970’s (Bailey 1974,
Crowe 1975a, b, Fritts and Sealander 1978, Blankenship and Swank 1979, Hoppe 1979,
Lembeck and Gould 1979). Annual adult survival varies across harvest intensities and
unexploited populations have higher rates of survival than exploited populations, suggesting that
harvest is an additive cause of mortality rather than compensatory (Brand and Keith 1979, Rolley
1983). Annual survival rates in harvested populations range from 56 – 67%, excluding
populations with unsustainable levels of harvest or during periods of significant prey decline
(Anderson and Lovallo 2003), while adult survival rates in unexploited populations can range
from 78 – 97% (Crowe 1975a, Knick 1990, Chamberlain et al. 1999). In comparison, kitten
survival is less well studied and is generally lower than adult survival. Estimates of annual kitten
survival are also highly variable and have been estimated to vary between 7 – 71% (Crowe
1975a, Blankenship and Swank 1979, Hoppe 1979, Knick 1990, Lovallo 2007, Moriarty 2007).
However, most studies focus on kittens at least 4 months old and there is a paucity of
information on the factors influencing kitten survival, especially during the first several months.
Reproduction was also studied after the increase in trapping efforts in the 1970’s. Female
bobcats can breed as juveniles, but they rarely do so (Crowe 1975b, Knick et al. 1985). Females
that do breed are seasonally polyestrous. Male bobcats sexually mature during their second year
and are fertile year-round (Hansen 2007). Breeding behavior has been documented as early as
November but typically occurs between February – April (Gashwiler et al. 1961). The average
breeding success, the probability a female will produce a litter, is 0.57 (Lovallo 2007, Tycz 2016,
2

Landry 2017). Bobcats have an average gestation period of 63 days (Hansen 2007), with most
births occurring from late April – June (Bailey 1974, Crowe 1975b). Litters can range from 1 – 6
and with an average of 2.93 kittens per litter (Gashwiler et al. 1961, Crowe 1975b, Fritts and
Sealander 1978, Nomsen 1982, Lovallo 2007, Moriarty 2007). Accurate estimates of
reproduction, including breeding success and litter size, are vital to understanding bobcat
population growth, the sensitivity of population growth to changes in demographic rates, and the
influence of harvest on the population.
A species’ habitat is defined by the resources and conditions in an area that allow the
survival and reproduction of the species (Hall et al. 1997). Although bobcats thrive in a wide
variety of habitats, these habitats share several key characteristics, including sufficient prey,
cover, and availability of rest and den sites (Hansen 2007). Bobcats preferentially chose rough,
rocky environments that are intermingled with a dense understory (Lovallo 2013). This provides
them with the shelter necessary for hunting and denning, as well as protection from the elements.
Habitat selection can vary seasonally as well as between sexes (Lovallo and Anderson 1996,
Kolowski 2002), and can change depending on different behaviors. They may use riparian zones
for hunting due to the abundance of prey and sufficient cover necessary for an ambush predator
(Kolowski 2002, Mosby et al. 2012) while using rocky outcroppings for rest and den sites
(Anderson 1990, Lovallo 2007). While several studies have focused on microsite selection for
hunting and rest sites, very few studies have qualitatively explored den site selection.
Understanding the habitat characteristics of specific behaviors, such as denning, provides a
nuanced and critically important understanding of how microsite habitat selection influences
survival and reproduction. In particular, understanding denning behavior is vital because it is
fundamentally connected to reproductive success.
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While bobcat ecology has been widely studied, the variation of demographic rates across
their range can substantially alter estimates of population growth. As such, it is important for
state agencies to use the most accurate demographic information available to them, typically
obtained by conducting research within the state itself. Although bobcats are managed by the
South Dakota Department of Game, Fish, and Parks (SDGFP) and bobcat harvest within the state
has been tracked since 1975 (Lehman et al. 2019), there is no Bobcat Management Plan for
South Dakota. In order to obtain accurate demographic information that would ensure a
sustainable harvest and a stable population over time, SDGFP began a multi-year project on
adult annual survival and abundance in the Black Hills by studying radio-collared bobcats. This
resource of collared female bobcats provided the unique opportunity to study important aspects
of bobcat demography, including reproductive rates, kitten survival, and den site selection.
I investigated factors influencing reproduction and kitten survival for bobcats in the
Black Hills, South Dakota. First, I investigated how reproductive parameters, including breeding
success and litter size, fluctuated in response to intrinsic variables (i.e. female age, study year)
and determine which of those variables significantly influence reproduction. Next, I investigated
how annual kitten survival fluctuated in response to intrinsic variables (i.e. female age, study
year, litter size, date of birth) and extrinsic variables (i.e. daily temperature). I also determined
cause-specific mortality for bobcat kittens. Finally, I investigated resource selection of bobcat
den sites. These demographic estimates of reproduction and survival, along with a qualitative
understanding of den site selection, will provide critical information necessary for advising
management activities for this economically important furbearer, including the creation of a
Bobcat Management Plan.
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Chapter 2: Reproductive Rates, Kittens
Survival and Cause-specific Mortality
Abstract
The bobcat (Lynx rufus) is an important furbearer in South Dakota. However, management of
bobcats can be difficult because of their elusive nature and lack of demographic information. My
objectives for this chapter were to obtain estimates of reproductive rates and annual survival
rates and determine cause specific mortality for bobcat kittens in the Black Hills, South Dakota,
USA. I tracked 35 female bobcats and located the dens from 18 bobcats using ground
triangulation. I obtained estimates of reproductive rates by directly observing the number of
kittens in the dens. I fitted 40 bobcat kittens with VHF radio collars that were equipped with a
mortality switch to evaluate kitten survival. Estimates of breeding success, litter size, and kitten
survival were analyzed using Bayesian methods and were modeled as a function of intrinsic
variables, including female age and study year and environmental variables, including minimum
daily temperatures. Breeding success was significantly higher in 2020 (0.56) compared to 2021
(0.26). Litter size was estimated to be 2.11. Estimated annual kitten survival was 0.17 and was
significantly correlated to minimum daily temperatures. Primary causes of mortality were
starvation and predation by coyote and cougar. The survival and reproductive rates determined
by this study will inform the creation of a demographic matrix projection model for bobcats in
the Black Hills. With a complete demographic model for the population, managers can use
sensitivity analysis to determine which demographic rates influence population growth rate and
make informed decisions regarding bobcat harvest.
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2.1 Introduction

Population dynamics is the study of factors that influence how a population changes over
time. This broad field of study encompasses research on population growth, dynamics,
demography, and distributions (Mills 2012). Wildlife managers and conservationists use
principles from population ecology to help regulate or conserve populations of species of
interest. Vital rates, such as reproduction and stage specific survival, can vary depending on
age/stage classes and sex and are fundamental to understanding population dynamics. Factors
such as habitat quality, prey availability, predation, and disease influence vital rates, and through
them population growth (Hoppe 1979, Fedigan 1983, Knick 1990, Mowat et al. 1996, Jorgenson
et al. 1997, Ruiz-Olmo et al. 2001, Breitenmoser-wursten et al. 2007, Terrill Paterson et al.
2021). These vital rates, such as reproduction and stage specific survival, are essential
components for building demographic models, which can be used to monitor population trends
over time.
State management agencies are often responsible for monitoring population trends for
species of interest within their jurisdiction. Successful management strategies rely on accurate
population demographic data, particularly population growth rate. Determining population
growth rate through demographic models requires estimates of reproductive parameters and
survival for all stage classes included in the model (Caswell 2001). It is important to understand
the variables influencing survival and reproduction to gain a better understanding of their impact
on vital rates and ultimately population growth rate.
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Bobcats are an important furbearer across the United States and listed under Appendix II
of the Convention on International Trade of Endangered Species of Wild Flora and Fauna
(CITES). As such, state management agencies are required to provide evidence that harvest is
not detrimental to the species’ survival (Hansen 2007). To determine if harvest is detrimental to a
population’s survival, state agencies must first understand bobcat population dynamics and what
variables impact survival and reproduction. The species has been managed by South Dakota
Department of Game, Fish, and Parks (SDGFP) since 1977. However, SDGFP currently has no
Bobcat Management Plan. Management of bobcats can be difficult because of their elusive
nature and lack of demographic information. Bobcat populations are increasing throughout the
United States and their range has expanded since the 1990s (Roberts and Crimmins 2010).
However, this growth may be tenuous if bobcats are overharvested; therefore, it is critical for
state management agencies to accurately monitor bobcat populations to ensure a sustainable
harvest. Knick (1990) suggested harvest can be sustainable up to 20%, while any increases
beyond 20% could cause overharvest and subsequent population collapse. Because of this,
SDGFP is conducting a study on yearling and adult survival of bobcats using radio telemetry in
the Black Hills, which will provide demographic information necessary to understand population
growth and the effects of harvest. Additionally, survival of kittens (< 1 year old) is an
understudied aspect of bobcat ecology, due to the difficulty associated with studying them, but is
nonetheless a potentially critical aspect of the species’ demographics and is important for
estimating growth rates. This study will provide estimates of reproductive parameters (breeding
success and litter size) and kitten survival to effectively estimate the population growth rate for
bobcats in the Black Hills.

9

Reproductive parameters can be influenced by several variables, including female age,
prey abundance and density dependence. Breeding success, the probability that a female bobcat
will produce a litter that year, is a reproductive parameter that can vary depending on age.
Female bobcats are capable of reproducing once they are 9-12 months old but rarely do so
(Crowe 1975b, Knick et al. 1985), and most bobcats do not breed until they are yearlings or
adults. Prey abundance may affect breeding success (Knick 1990), as well as density
dependence. Lembeck and Gould (1979) reported that 100% of the females reproduced when
density was low compared to only half that reproduced when density was high. Additionally,
transient yearlings may have a lower breeding success if the population density is high (Bailey
1973, Knick et al. 1985).
Once bobcats do reproduce, litter size can range from 1 – 6 with the average varying
between 2.45-3.7 (Table 2.1; Gashwiler et al. 1961, Crowe 1975, Fritts and Sealander 1978,
Nomsen 1982, Winegarner and Winegarner 1982, Parker and Smith 1983, Lovallo 2007, 2013,
Moriarty 2007, Tycz 2016). Litter size is also often correlated to the age of the mother, with
lower litter sizes correlated with younger mothers (Parker and Smith 1983, Knick et al. 1985,
Landry 2017). It is possible that yearlings may produce smaller litters to gain experience raising
young (Hansen 2007), however Rolley (1983) found that there was no significant difference
between yearlings and adults regarding litter size. Litter size may also be influenced by prey
abundance, with lynx litter sizes declining when snowshoe hare populations were low (Brand
and Keith 1979, O’Connor 1984). Understanding the factors that influence reproductive
parameters is necessary to determine their potential effect on the population growth over time.
It is necessary to understand the variables influencing kitten survival. In particular,
carnivores under 4 months old are the least studied age class because of difficulties associated
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with studying them (Lovallo 2007). Compounding the deficiency of data, survival rates are likely
the lowest during the first three months of life, when kittens are the most vulnerable (Lovallo
2007, Moriarty 2007). Kitten survival rates have historically been reported from life table
estimates based on harvest data, from the number of kittens captured in a females’ home range,
or from directly observing the number of kittens with the mother (Knick 1990, Basille et al.
2009, Wikenros et al. 2010, Meijer et al. 2011). These methods may be inaccurate because
kittens may be less susceptible to harvest, observations of kittens are sparse, and the detection
probability is imperfect (Lovallo 2007, Moriarty 2007). Due to our lack of detailed knowledge of
this age class, it is important to study kittens directly to estimate survival.
Recent studies using radio transmitters were able to provide empirical estimates of kitten
survival (Lovallo 2007, Moriarty 2007). However, previous estimates of bobcat kitten survival
using life tables and snow tracking have ranged between 7 – 71% (Crowe 1975a, Blankenship
and Swank 1979, Hoppe 1979, Lovallo 2007, Moriarty 2007). Although empirical estimates of
kitten survival are highly variable, few studies have looked into factors influencing young
carnivore survival in general (Wikenros et al. 2010, Ruth et al. 2011) and bobcat kitten survival
in particular (but see Bailey 1974, Knick 1990, Moriarty 2007).
Survival of young animals is often correlated to the age of the mother, with lower rates
correlated with younger mothers (Ruth et al. 2011). Indeed, this has been shown for a broad
range of species (eastern wild turkey (Tyl, 2019), white tailed deer (Mech and McRoberts 1990),
mountain goat (Côté and Festa-Bianchet 2001), arctic fox (Meijer et al. 2011), and Canada lynx
(Mowat et al. 1996)). This suggests protecting young from predation and environmental
conditions, teaching them to hunt, and procuring food, are skills that are learned.
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Prey abundance has also been linked to survival rates of kittens. During periods of prey
decline, several studies have documented a decline in kitten survival (Bailey 1974, Blankenship
and Swank 1979, Brand and Keith 1979, O’Connor 1984, Knick 1990). Ruth et al. (2011) found
that cougar kitten survival was positively correlated with elk calf biomass, and Laundré et al.
(2007) observed a decrease in cougar kitten survival up to two years after a decline in mule deer
abundance. However, Logan and Sweanor (2001) did not find that cougar kitten survival was
sensitive to changes in deer abundance, and suggested that lower kitten survival might come
several years after a decline in prey abundance.
Given the importance of prey availability for kitten survival, timing of breeding in felids
can often coincide with prey pulses. For example, the timing of peak birth of cougar kittens in
the Greater Yellowstone Northern Range coincided with the birth of elk calves and deer fawns
(Ruth et al. 2011). The abundance of easily caught prey might be of importance for mothers
looking to support litters of offspring until they are independent. Additionally, coinciding
reproduction with prey pulses may be particularly important when offspring are the youngest and
the energetic demands on the mother are high. While bobcats are capable of breeding any time of
the year, the peak birth season is from March to July (Gashwiler et al. 1961, Fritts and Sealander
1978, Moriarty 2007). In the Black Hills, white-tailed deer have a peak birth-pulse around June
11th (Benzon 1998). Therefore, bobcat kittens born around the peak birth pulse of white-tailed
deer fawns may have increased survival compared to kittens born earlier in the year or later in
the summer because the female bobcats would not have an abundance of easily caught prey.
While estimating survival is important for determining its role in population dynamics,
determining the cause of mortality can provide researchers with further insight into the
anthropogenic and environmental factors affecting the survival rates of different age classes.
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This information can be an important tool in identifying management strategies that could
decrease sources of mortality agencies are concerned about and that are within management
control. Causes of mortality for all bobcat age classes include harvest, vehicle collision, disease,
predation, starvation, and (rarely) cannibalism (Lovallo 2013), and can differ between age
classes. In South Dakota, kittens comprised only 7.5% of the harvest statewide for the 2018-2019
season (Lehman et al. 2019). Vehicle collision and disease have also been recorded as sources of
mortality for bobcats kittens (Blackwell et al. 1991, Lovallo 2007, Moriarty 2007). Starvation
has been reported in kittens up to 5 months old, which is when they are still dependent on the
female for survival (Blackwell et al. 1991). If prey availability is low, the female may choose to
feed herself first and let her kittens starve (Bailey 1973). Although infanticide has not been
documented in bobcats, it has been observed in other cats such as cougar and lynx (Logan and
Sweanor 2001, Swenson 2003, López et al. 2010, Ruth et al. 2011). Predation was determined to
be the primary cause of bobcat kitten mortality in several studies (Blackwell et al. 1991, Lovallo
2007, Moriarty 2007), but the predator responsible was not frequently identified.
Traditional methods of determining species specific predation sites are most effective
when the prey is a large mammal, such as deer. Most small prey are typically entirely or near
entirely consumed, making it difficult to determine the species responsible for predation. Due to
the small size of bobcat kittens, many mortality sites may yield few to no clues to determine the
species of predator. Past research on predator identification through DNA has primarily focused
on livestock depredations or wild ungulate neonates and calves and has yielded success rates up
to 95% (Williams et al. 2003, Blejwas et al. 2006, Caniglia et al. 2012, Mumma et al. 2017,
Shuman et al. 2017). These studies benefit from larger remains that are available to swab, thus
likely increasing the probability of success. In recent years, there has been success with saliva
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swabbing of small prey or limited remains (Wengert et al. 2013, 2014, Dawson et al. 2016,
Peelle et al. 2019). Therefore, the inclusion of DNA analysis to predator identification can
provide important information on interspecific carnivore guild interactions.
For this chapter I will evaluate reproductive rates, kitten survival and cause-specific
mortality of bobcat kittens in the Black Hills, South Dakota, USA. This study will provide
valuable estimates of survival during a cryptic life stage of an elusive carnivore and will further
our understanding of bobcat natural history. I seek to understand factors influencing bobcat
reproduction, including breeding success, litter size, and kitten survival. This study, along with
the SDGFP study of yearling and adult survival, will inform a Bobcat Management Plan for
South Dakota by providing basic demographic rates. Understanding the factors affecting these
vital rates will improve our understanding of bobcat demographics which in turn will help
scientists predict how different management actions may influence growth rates. Determining
cause-specific mortality of bobcat kittens with the additional use of DNA analysis is vital to
advancing our understanding of intraguild carnivore interactions and factors influencing young
carnivore survival rates, as well as reveal actions managers could take to improve survival.
Hypotheses
Based on the objectives and literature review above, I have developed the following hypotheses
regarding kitten survival and bobcat reproductive rates.
Reproductive Rates
I.
Greater adult experience will lead to increased reproductive output. I predict adult
bobcats will have greater breeding success and larger litter sizes compared to yearling
bobcats.
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Kitten Survival
I.
Greater adult experience of the female will lead to increased kitten survival. I predict that
kitten survival will be greater for kittens raised by adults compared to yearlings.
II.

Pulses in prey abundance will lead to increased kitten survival. I predict that kittens born
closer to the birth pulse of white-tailed deer fawns will have increased survival compared
to kittens further from the birth pulse.

Cause-specific Mortality
I.
Predation is the leading cause of kitten mortalities. I predict that coyotes and cougars will
account for most kitten mortalities.
II.

Greater female experience is inversely related with predation of kittens. I predict that
mortality from predation will be lower for kittens of adults compared to yearlings.

2.2. Study Area
Field work was conducted in the Black Hills, South Dakota within the boundaries of the
Black Hills National Forest Fire Protection District (Fig 2.1). This includes Lawrence, Meade,
Pennington, Custer, and Fall River counties and is a mix of landownership including: The Black
Hills National Forest, Bureau of Land Management, Custer State Park, Wind Cave National
Park, and private lands. The Black Hills receive an average 50 cm of precipitation annually, with
60-73% of that occurring during May-October (Hoffman and Alexander 1987). In 2020 and
2021, annual snowfall ranged from 84 cm in Edgemont to 343 cm in Lead and temperatures
ranged from -36 ° C in February to 38° C in July and August (National Climatic Data Center
2021). The northern Black Hills typically receive more precipitation compared to the southern
Black Hills.
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The Black Hills are largely dominated by coniferous forest, progressing to open
grasslands on the lowest slopes (Dewitt et al. 1986). The forested areas are dominated by
ponderosa pine (Pinus ponderosa), with patches of white spruce (Picea glauca), bur oak
(Quercus macrocarpa), aspen (Populus tremuloides), and paper birch (Betula papyrifera).
Dominant shrub species of the pine forest understory are western snowberry (Symphoricarpos
occidentalis) and common juniper (Juniperus communis) (Hoffman and Alexander 1987). These
shrubs provide potential concealment from predators and protection from severe weather for
young bobcat kittens either as a den site or when they are older and venturing from the den.
Wildfire and mountain pine beetle (Dendroctonus ponderosae) infestations create openings in
the forest. Elevation ranges from 975 m in the southern Black Hills to 2207 m at Black Elk Peak.
Mountainous terrain comprises much of the central core of the Black Hills, formed by great
sheets of granite intruding through the surrounding metamorphic rocks. The remainder of the
Black Hills is characterized by moderately steep slopes dissected by deep canyons, formed from
the limestone plateau (Dewitt et al. 1986).
In the Black Hills, the bobcat harvest season runs from December 26th – February 15th
with an unrestricted limit on the number of bobcats an individual trapper can harvest. In the
2019-2020 season, 39 bobcats were legally harvested from the Black Hills, comprising 15% of
the total state harvest. Although predation on bobcats is rare, coyotes (Canis latrans) and cougars
(Puma concolor) are known bobcat predators (Koehler and Hornocker 1991, Fedriani et al. 2000,
Lovallo 2013). In the Black Hills, bobcats prey upon lagomorphs (Sylvilagus and Lepus spp.),
deer (Odocoileus spp.) (adults and fawns), elk (Cervus canadensis nelsoni) (calves), wild turkeys
(Meleagris gallopavo merriami), small mammals, porcupines (Erethizon dorsatum), weasels
(Mustela spp.), and songbirds (Lehman 2015, Tycz 2016).
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2.3 Methods
Field Work and Data Collection
Adult capture
I radio-collared adult female bobcats in order to locate dens. Bobcats were radio-marked
in the Black Hills as part of a separate study to estimate annual survival of adults. Personnel from
SDGFP conducted trapping between September and April, 2016 – 2021. Adult bobcats were
captured using either guillotine or swing door style cage traps baited with scent lures and other
attractants. Once captured, female bobcats were aged based on body size, weight, and signs of
previous lactation. Bobcats that showed signs of previous lactation were classified as adults
while bobcats that did not show signs of previous lactation but weighed > 5 kg were classified as
yearlings. Bobcats occupying the “yearling” age class transitioned to the “adult” age class on
May 1st the next year. A trapper incentive program was used during the 2019 – 2020 and the
2020 – 2021 seasons to capture additional bobcats. Trappers were paid $750 in 2019 – 2020 and
$500 in 2020 – 2021, over twice as much as the average pelt price for the year, for each cat they
provided to the program. Bobcats were radio-marked using very high frequency (VHF) collars
(ATS M2220B) equipped with a mortality switch set to activate after 12 hours of inactivity and
have a life expectancy of 1598 days. In 2021, three bobcats were fitted with GPS collars
(Vectronic Vertex Lite-1C Iridium). The collars were programmed to obtain a location every 13
hours and equipped with a mortality switch set to activate after 12 hours of inactivity. They have
a life expectancy of 533 days.
Location of den sites
In order to locate dens, adult females were monitored at least 3 times per week from
March – August using ground triangulation. Females typically begin denning in March and have
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been known to den throughout the summer (Gashwiler et al. 1961, Fritts and Sealander 1978,
Moriarty 2007). Bobcats exhibit strong site fidelity and a reduction in daily movement distance
after parturition (Moriarty 2007). Therefore, if a female was located for 4 consecutive days
within a 500 m radius, I assumed she inhabited a den and parturition had likely occurred within
those days. If the female continued to localize and show fidelity to the same area then after 1-4
weeks from the date of assumed parturition, at least 2 researchers would check the female’s
location to ensure she was in the den and then carefully approached to see where she left from,
exposing the den location. There were occasions where bobcats fled the area before researchers
were close enough to see where she left from. Some dens were searched for multiple times but
were never located.
Kitten capture
I fitted bobcat kittens with expandable VHF telemetry collars to evaluate kitten survival.
After locating the den, all kittens were hand captured, weighed, sexed, and aged using dental
eruption. Bobcat kittens were estimated to be 1 week old if no dentition was visible. Kittens were
estimated to be 2 weeks old if their deciduous canines and incisors were beginning to erupt. They
were estimated to be 4 weeks old if their deciduous upper and lower premolars had begun to
erupt (Fig 2.2; Jackson et al. 1988). I collected buccal swabs to obtain DNA in order to
differentiate the kittens from other bobcats in cases of potential infanticide. All kittens estimated
to be greater than 1 week old were fitted with VHF collars. Even if collars were relatively heavy
when placed on kittens, they are largely immobile and by the time the kittens were able to leave
the den, collars were < 5% of body mass (Caccamise and Hedin 1985, Gursky 1998). Processing
time took an average of 11 minutes (SD = 5.37) per kitten. I estimated litter size, the number of
kittens produced per successful female, by counting the number of kittens alive at time of kitten
capture. This did create the possibility of underestimating litter size, as kitten mortality may have
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occurred prior to capture or researchers may have occasionally not detected all the kittens in the
den.
Experimental collar
SDGFP partnered with Wildlife Materials to design an expandable VHF collar suitable
for bobcat kittens. The collars use a SOM-2380M, a multivibrator 2-stage VHF transmitter with
a mortality switch (Figure 2.3) and had a life expectancy of 365 days. The collar contained a
stretch panel that was designed to expand as the kitten grew and was designed to withstand adultkitten grooming and sibling play. Following examination of collars retrieved during mortality
investigations in fall 2020, slight adjustments to the collar design were made prior to the 2021
field season. The collars deployed in 2021 contained a smaller diameter rubber tubing to increase
elasticity as kittens grew.
Kitten monitoring and cause-specific mortality
In order to evaluate kitten survival and cause-specific mortality, kittens were monitored ~
5 days a week during the first 3 months after transmitter deployment. After kittens were 3
months old, I monitored kittens twice a week for the next 9 months until they dispersed out of
the study area or the collar fell off. In order to monitor the kittens, I started tracking close to the
last known location of kittens using an omni-directional whip antenna mounted to the roof of a
vehicle. Kittens were assumed alive if I detected a normal “live” signal. If the signal could not be
detected from the truck, I searched within a 5 mile radius by using a 3-element hand-held yagi
from higher locations and searching nearby drainages, depending on the difficulty of the terrain.
I scanned for any lost signals continuously as I drove the surrounding area using the omnidirectional whip antenna. If after expanding the search area I still did not have a signal, I then
attempted to locate the kitten using aerial telemetry. This method was vital for detecting several
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mortalities and dispersing kittens. I attempted to recapture the kittens and fit them with an adult
collar once they were 7 – 10 months old.
If a mortality signal was detected, then I would home in on the location using a 3-element
hand held yagi or an H-antenna and determine if the collar was prematurely removed or if there
was a mortality. At mortality sites I examined the carcass and searched the surrounding area to
identify cause of death. I categorized cause of death as predation, starvation, vehicle collision,
hunter harvest, or unknown. I also noted whether scavenging occurred, particularly in cases
when scavenging had obscured the cause of death. I determined cause of death to be avian
predation if there were sharp puncture wounds, the head or neck region had been removed from
the carcass, or if there was raptor excrement, pellets, or feathers (Peelle et al. 2019 Supplemental Information). I identified the cause of death as mammalian predation by the
presence of tracks and scat in the surrounding area as well as species specific evidence. Kill sites
are traditionally distinguished as felid (cougar or bobcat) if there is evidence of bite marks
around the head, throat or neck, caching, shearing or plucking of fur around the feeding site, and
clean cuts from biting (Cook et al. 1970, Beale and Smith 1973, O’Gara 1978). Cougar and
bobcat have very similar kill site characteristics, so sites were further distinguished based on
tracks when possible. Coyote kill sites are traditionally distinguished from felid sites if there is
evidence of bite marks around the flank and hindquarters as well as the neck/head, no caching,
no fur is removed before feeding, and jagged cuts from tearing the flesh (Cook et al. 1970, Beale
and Smith 1973, White 1973, O’Gara 1978). I distinguished between predation and scavenging
by the presence or absence of hemorrhaging. I identified cause of death as starvation if I saw
signs of emaciation with no hemorrhaging. I examined overall body condition, looked for
evidence of broken bones, and proximity to the road (≤ 20 m) when determining if a vehicle
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collision was the cause of death. I determined cause of death to be the result of hunter harvest if a
hunter or trapper notifies SDGFP officials. If the cause of death could not be determined, I
recorded unknown as the cause of mortality.
DNA Field Methods and Saliva Swabbing
To assist in my species identification for all mortality events caused by predation, I
swabbed any bite marks and the collar for DNA from the predator’s saliva. I also swabbed for
DNA at all other mortality events not initially determined to be caused by predation to improve
my confidence in my classification of cause of mortality. We determined the species of predator
by following the methods outlined in Peelle et al. (2019). I thoroughly searched all mortality
sites and environs for carcass remains and other evidence and photographed any relevant
evidence (e.g., carcass remains, collar, tracks, entrails). I handled the remains and evidence as
little as possible by using sterile gloves, sterilized tweezers, new disposable chopsticks, or an
inverted Ziploc bag. I then separated the radio collar, bobcat remains, and other evidence such as
scat into Ziploc bags by evidence type. The evidence bags were then placed on ice packs in
coolers immediately upon returning to the vehicle. Upon returning from the field, the remains
and collar were swabbed for DNA. If swabbing was not done the same day as collection, I stored
the samples in a freezer for later swabbing, which took place no longer than a week after
collection (Peelle et al. 2019).
Prior to processing samples, I prepared a sanitized workspace. I transferred a small
amount of 1% Phosphate Buffered Saline (PBS) and Qiagen Buffer ATL to separate 30 ml highdensity polyethylene/polypropylene bottles (ex. Nalgene brand) and set out, labeled, and opened
all of the packaging. After putting on a new set of sterile gloves, I dipped an OmniSwab in PBS
and rubbed it firmly over the sample area, while keeping the sample inside the bag, and broke it
off into a sterile vial. This process was then repeated using a dry (no PBS) swab and was broken
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off into the same vial as the first. Buffer ATL (100 μL) was then deposited into the vial using a
needleless syringe. This process was repeated for all relevant surface areas (collar, bite wounds,
matted fur, etc.) (Peelle et al. 2019). These samples were stored in a refrigerator until lab work
was conducted at West Virginia University, Morgantown, West Virginia.

Data Analysis
Breeding Success
I estimated breeding success as the probability that a female bobcat alive on April 1st
would produce a litter that year. I assumed whether female i produced a litter was a Bernoulli
random variable:
𝑦𝑖 ~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝑝𝑖 )
where yi = 1 if a female produced a litter and yi = 0 if a female did not produce a litter. I assumed
breeding success was a logit-linear function of age of female (adult or yearling) or year of study
(2020 or 2021). I assumed a uniform prior distribution (-20, 20) for the intercept coefficient and
logistic prior distributions (0, 1) for the other slope coefficients. To determine which covariates
most strongly influenced breeding success, I performed model selection with deviance
information criterion (DIC; Table 2.4).
Litter Size
I estimated litter size by modeling the number of kittens produced by successful females
using a zero-truncated Poisson model (David and Johnson 1952, Rota et al. 2014). I assumed the
number of kittens produced by female i was a zero-truncated Poisson random variable:
𝑙𝑖 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆𝑖 ) 𝑇(0, )
where li was the number of kittens counted for each female i, λi was the rate parameter, and T(0, )
indicates that the response was truncated at 0. I modeled λi as a log-linear function of the age of
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female (adult or yearling) or year of study (2020 or 2021). I assumed a uniform prior distribution
(-20, 20) for the intercept coefficient and normal prior distributions (0, 1) for the other slope
coefficients. To determine which covariates most strongly influenced litter size, I performed
model selection with DIC (Table 2.4).
Kitten Survival
I assumed survival of individual i during day t was a Bernoulli random variable:
𝑘𝑖𝑡 ~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝑦𝑖(𝑡−1) 𝑆𝑖𝑡 )
where kit = 1 if an individual was known to be alive on day t, kit = 0 if an individual i was known
to be dead on day t, and where Sit represented daily survival probability (Royle and Dorazio
2008). I assumed daily survival probability was a logit-linear function of age of mother (adult or
yearling), year of the study (2020-2021 or 2021-2022, with each year starting on May 1st and
ending on April 30th), litter size (1 – 3), ordinal date of birth, and minimum daily temperature
(C°; Table 2.5). Daily temperatures were obtained from the weather station in Custer, SD, which
is centrally located within the Black Hills (National Climatic Data Center 2022). The study area
is small enough that assumed temperatures were correlated. I started capture days for all
individuals at time t = 1 and began modeling survival probability at 1 day post-capture at time t =
2.
Because kitten survival within litters is not independent, I assumed a random intercept
model associated with each litter. The model had a Gaussian (mean = μ, standard deviation = τ)
distribution where l indexes each litter to allow for correlation in survival probability within litters.
I assumed uniform prior distributions for μ (-20, 20) and τ (0, 10). I assumed logistic prior
distributions (0, 1) for the other slope coefficients. Given rules of thumb described by Bolker et al.
(2009), I limited models to include 10-20 samples per covariate. With a total of 40 bobcats, I
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therefore limited models to include 2-4 total covariates. To determine which covariates most
strongly influenced kitten survival, I performed model selection with DIC (Table 2.5).
I fit all models using Bayesian methods. These models were fit with JAGS version 4.3.0
(Plummer 2003) via the jagsUI version 1.5.2 interface (Kellner 2021) in program R version 4.1.1
(R Core Team 2021). I ran 3 chains for each model using trace plots to determine an adequate
burn-in period and ran models until I achieved a convergence (𝑅̂ ≤ 1.1, Gelman et al. 2013). If
the 95% credible interval (CI) for a parameter did not overlap 0, I concluded that the covariate
had significant effect on a reproductive or survival parameter.
Cause-specific Mortality
I compared whether cause of death differed for kittens raised by adults compared to
yearlings using multinomial regression (McCullagh and Nelder 1989). My response variable was
the number of deaths that occurred among each of the mortality categories: starvation, predation,
other, and unknown. My predictor variable was age of the mother: either adults or yearlings. I fit
the model using the “multinom()” function in in package “nnet” version 7.3-16 (Ripley and
Venables 2022) in program R version 4.1.1 (R Core Team 2021). I compared probability of
death by category between kittens reared by adults and yearlings using contrasts, which I
implemented using the “emmeans()” function in the package “emmeans” version 1.7.2 (Lenth et
al. 2022).
Laboratory Processing of DNA Samples
I determined species identity of mammalian predators by extracting genomic DNA from
swabs using the QIAGEN QIAamp DNA Mini Kit and its associated DNA Purification from
Buccal Swabs (Spin Protocol). Modifications to the protocol included using 600 µl of PBS,
Buffer AL and ethanol, as was recommended when working with OmniSwabs, and eluting the
samples with 100 µl Buffer AE to increase the final DNA concentration. The 16 S rRNA region
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of the mitochondrial DNA was amplified using the 16S-Cougar-F and 16S-Universal-R primers
developed by Lang et al. (2013) and the coyote primers Clatrans 2-F 5´ACAAGGCATAACACAACACCAT-3´ and Clatrans 2-R 5´TGGGTCTAAATTTTAATCACTCGGG-3´ designed in the lab. Both primer sets were validated
by confirming DNA obtained from bobcat and the opposing predator would not amplify.
The PCR reactions for both the cougar and coyote primers consisted of: 5 µl of Bio-Rad
iQ SYBR Green Supermix (2x), 1 µl of RNase-Free water, 0.5 µl each of the appropriate
forward and reverse primers (10 µM), and 3 µl of DNA. I completed quantitative PCR (qPCR)
on a BioRad CFX Connect Touch Real-Time PCR Detection System with the following
conditions: 95 °C for 3 minutes followed by 40 cycles of 95 °C for 10 seconds and either 55 °C
(for the cougar primers) or 60 °C (for the coyote primers) for 30 seconds, with a quantification
image taken at the end of each cycle followed by a melt curve of 65 – 85 °C at 0.5 °C
increments. I considered samples to be positive for either primer set if there was a visible
amplification curve with a CQ (CT) values ≤ 30, which was determined by assessing the CQ(CT)
values of the negative controls. I repeatedly analyzed positive control samples of cougar and
coyote respectively using a serial dilution that ranged from 0.0001 – 10 ng/µl. This served to
determine the efficacy of qPCR for lower concentrations of DNA. On each plate of samples
analyzed, I included three replicates of each sample to increase the detection probability and
limit the chance of obtaining a false positive result. I also included no-template controls to ensure
the accuracy of the cutoff threshold and no-template DNA extractions as negative controls to
confirm sample contamination did not occur during the extraction process. Extracts were initially
run undiluted (2.1 – 178 ng/µl) since there was the potential for the samples to contain a mix of
bobcat kitten DNA and potential predator DNA at unknown concentrations. Samples were then
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diluted with RNase-free water and qPCR was run again because there was concern that
something was inhibiting the PCR reaction given the “dirty” nature of the samples. If the initial
concentration was ≥ 100 ng/µl, the samples were diluted 10x, 100x, and 1000x. If the initial
concentration was 100 < 10 ng/µl, the samples were diluted 10x and 100x. Samples were diluted
10x if the initial concentration was <10 ng/µl. The new concentrations ranged from 0.21 – 17.8
ng/µl.
Additionally, I used PCR to determine if I could identify avian DNA from a mortality site
where a raptor was suspected to be the cause of death. The 16S rRNA was amplified using the
universal avian primers 16S-AVES1F and 16S-AVES1R (Hassler et al. 2021). I ran PCR on
known samples of barred owl, northern goshawk, bobcat, cougar, and coyote, as well as on
mortality samples, and a no template control. The primers were validated by confirming that
DNA from bobcat, cougar, or coyote would not amplify. The PCR reaction consisted of 12 µl of
Qiagen Multiplex PCR Master Mix (2x), 0.6 µl each of the forward and reverse primers and up
to 30 ng of DNA. RNase-Free water was added to reach a total reaction volume of 24 µl. I
performed PCR with the subsequent conditions: 95 °C for 3 minutes, followed by 35 cycles of 94
°C for 30 seconds, 57 °C for 1.5 minutes, and 72°C for 1 minute with a final extension of 72°C
for 15 minutes. PCR amplification was verified using gel electrophoresis and a 2% agarose gel.

2.4 Results
Breeding success
I followed a total of 35 females from 2020 – 2021, 19 of which were tracked both years.
During the 2020 season I tracked 27 bobcats: 20 adults and 7 yearlings. During the 2021 season I
tracked 26 bobcats, 23 adults and 3 yearlings (Table 2.2). Of the 19 bobcats tracked both years, 6
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of them transitioned from yearlings to adults in 2021. Of the 19 females that were followed both
years, only 2 reproduced both years.
Reproductive rate probabilities were calculated from a total of 53 female bobcats that
were alive on May 1st and available to reproduce during 2020 and 2021. The year of study model
was the top model (Table 2.3). The probability of a female reproducing was significantly higher
during the 2020 season (0.56, 95% credible intervals [CI]: 0.34, 0.75) compared to the 2021
season (0.26, CI: 0.10, 0.45). The mean probability of a female bobcat successfully reproducing
over both years was 0.38 (CI 0.23, 0.54). The age of the female did not have an effect on
breeding success.

Litter Size
There was a total of 21 litters observed over two seasons, with 2 females producing litters
during both years: 14 litters were observed during 2020 and 7 were observed during 2021. One
litter of at least 1 kitten was observed but I was unable to visually confirm the total number of
kittens and is thus not included in analyses. Therefore, litter size probabilities were estimated
from 20 litters. The intercept-only model was the top model (Table 2.4). The mean litter size for
bobcats in the Black Hills was estimated to be 2.11 (CI: 1.52, 2.73). Model analysis revealed that
neither female age nor year of the study had a significant effect on litter size.

Kitten Survival
I collared 40 kittens from 19 dens over 2 seasons: 29 in 2020 and 11 in 2021. The two
females that reproduced both years contributed 9 kittens to the total. The sex ratio (F:M) was
0.83:1.00 with 19 females and 23 males. There were 3 kittens right-censored from the models
due to collar failure. The minimum daily temperature model was the top model (Table 2.5).
Annual kitten survival ranged from 0.00 (CI: 0.00, 0.11) at -29 °C to 0.50 (CI: 0.18, 0.78) at 22
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°C (Fig 2.4). Estimated mean annual kitten survival for bobcats in the Black Hills, SD was 0.17
(CI: 0.07, 0.29). Kitten survival was not influenced by female age, date of birth, litter size, or
year of the study.

Cause Specific Mortality
There were a total of 32 mortalities. Starvation and predation were the leading causes of
mortality, comprising 78% of all mortality events (Table 2.6). Twenty-eight percent of
mortalities occurred during the first 3 months (May – July) and a majority (53%) of the
mortalities occurred between 3 – 6 months (August – October). This was largely driven by the
first year of data, where 64% of the mortalities occurred in August – October. In contrast, during
the second year of the study, only one mortality occurred during these months. In 2021, most of
the mortalities occurred during the first 3 months (57%) compared to 2020, which only
accounted for 13% of the total mortalities. Starvation (41%) and predation (37%) were similarly
likely to be causes of mortality (Table 2.6). Based on field investigations, predation was
primarily attributed to coyote and cougar, with one instance of golden eagle predation. There was
no difference in cause of mortality between kittens raised by adults compared to yearlings (Table
2.7).
One kitten was right censored from analysis as it had a neck injury from a failed VHF
collar that cut into its neck. The kitten was found dead at 10 months of age and it was also
emaciated, therefore I could not confirm the final cause of death. There were two other instances
where kittens that were recaptured in the winter also sustained neck injuries from the same collar
failure. However, after replacing the failed kitten collar with an adult collar, they appeared to
have recovered and both are still being monitored as part of the adult survival study. The collar
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condition and fit were checked on all intact carcasses during mortality investigations to ensure
they were not cause of death.

DNA Analysis
I collected a total of 57 DNA samples from 23 mortality sites with 33 of those samples
collected from 12 suspected predation events. DNA samples were not collected from 9 mortality
sites due to extenuating circumstances, 1 of which was unable to be recovered and the others
were attributed to starvation. The number of samples collected from mortality sites ranged from
1- 5. DNA samples were taken from 23 bobcat kitten collars, 31 kitten remains, and 3
scat/regurgitation piles. The time between estimated date of death and locating the mortality site
was an average of 3.3 days (range 0 – 21 days). I successfully amplified DNA from 9 samples,
representing 5 mortality sites. Of the 9 samples that amplified, 3 were taken from collars, 5 were
taken from kitten remains, and 1 was taken from scat. The time duration between estimated date
of death and locating these 5 mortality sites was an average 1.8 days (range 0 – 3). I was able to
identify the species responsible at 33% of the suspected predation events. The DNA samples
confirmed at least 2 cases of coyote predation and 2 cases of cougar predation. The DNA taken
from the scat amplified as coyote, however, the scat was found 150 m away from the mortality
site, where a coyote had been spotted by researchers as they approached the site. Despite the
field evidence that suggested coyote predation (scattered remains, organs pulled out, and over
75% of the carcass consumed), the DNA samples taken from the collar and remains failed to
amplify. Thus, I cannot confirm coyote predation as the cause of death for that kitten mortality.
Additionally, there were several other sites that had strong evidence of mammalian predation but
failed to amplify as either coyote or cougar. Lastly, there was one suspected avian predation site
where the collar was found underneath a golden eagle nest. However, avian DNA failed to
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amplify from the sample collected from this collar. All the mortality sites where DNA was
successfully amplified were originally classified as predation events in the field.

2.5 Discussion
Kitten Survival and Reproductive Rates
The annual survival estimate for bobcat kittens during this study period was consistent
with previous estimates in Western states. Blackwell et al. (1991) and Moriarty (2007) both
estimated annual kitten survival from radio-tagged individuals to be 0.09 in Utah and California,
respectively. Crowe (1975) estimated annual kitten survival in Wyoming to range from 0.07–
0.71 based on life table calculations. Meanwhile, Lovallo (2007) estimated kitten survival in
Pennsylvania to be greater than 0.60. Research on young carnivore survival is scarce, but
previous studies suggest similar variation in first-year survival of other felids. Annual Canada
lynx kitten survival range from 0.05 – 0.71 (Mowat et al. 1996), while studies on Eurasian lynx
range from 0.33 - 0.42 (Boutros 2002, Breitenmoser-wursten et al. 2007) and cougar range from
0.52 – 0.74 (Beier and Barrett 1993, Logan and Sweanor 2001, Lambert et al. 2006). Bobcat
kitten survival, similar to other young felid survival, may therefore demonstrate considerable
variation across space and time. Although my estimate of annual kitten survival was consistent
with previous studies, it was on the lower end of the range of estimates, which could be due to a
variety of reasons.
The positive relationship between bobcat kitten survival and minimum daily temperature
suggests that weather may be an important component in conjunction with other factors
influencing this critical life stage. A study conducted in New Hampshire found that bobcats had a
15% increase in their metabolism compared to the standard metabolic rate during winter (Mautz
and Pekins 1989). Additionally, they found that the mean minimum temperature for winter was
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considerably below the lower critical temperature, at which bobcats would begin to
thermoregulate. Bobcat kittens likely also experience increased energetic demands compared to
adult bobcats as they are in their most rapid growth phase during the winter (Crowe 1975b).
Coupled with the fact that harvested kittens had empty stomachs and consumed smaller prey
more often than adults, this suggests that they might have lower predation success during this
energetically demanding season (Litvaitis et al. 1986). If kittens are starving because they cannot
successfully catch enough prey, they may not have the energy reserves to survive periods of
severe winter weather, such as sudden cold snaps. During the 2020 season, three kitten
mortalities coincided with an early winter storm where temperatures dropped to - 21° C
(National Climatic Data Center 2021). The winter storm may have been the proximate cause of
death, while starvation was determined to be the ultimate cause of death. This is further
supported by Litvaitis et al. (1986), who found that 61% of bobcat kittens harvested during
periods of severe winter weather were in poor body condition (fat rank of 0 or 1). These findings
highlight the connection between body condition and survival.
Because starvation was a primary cause of mortality in our study, it is important to
consider the potential influence of low prey abundance, which can negatively impact the
population dynamics of a predator by reducing the overall recruitment into the population. For
example, after a crash in the local lagomorph population in Idaho, Bailey (1973) found complete
bobcat kitten mortality by autumn. Additionally, annual lynx kitten survival was estimated to be
1 – 17% during a cyclic decline of snowshoe hares (Brand and Keith 1979). A study on captive
bobcats indicated that kittens had a low hunting success rate (Crowe 1975a), which could be
particularly detrimental in years of low prey availability. Mothers may also preferentially feed
themselves when prey abundance is low, leaving their kittens more susceptible to predation and
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starvation (Bailey 1973). However, despite consistent evidence from other studies, we lacked
time series data on prey and can only speculate about its effect here. Therefore, future research
should examine the quantitative influence of prey density on bobcat kitten survival.
Although I was not able to determine the influence of prey density, I did study several
environmental and intrinsic variables that could influence annual kitten survival. In contrast to
previous studies on young carnivore survival (Mowat et al. 1996, Ruth et al. 2011), I did not
observe a significant effect of female age, date of birth, or litter size on survival. It is possible
that low prey abundance uniformly suppressed survival, masking differences caused by these
variables. Additionally, there may be alternative covariates that I did not study which are driving
factors in bobcat kitten survival, such as disease. Bobcats can be infected with a wide variety of
viral and bacterial diseases but their influence on survival and population dynamics is poorly
understood (Lovallo 2013). Moriarty (2007) observed a female bobcat and her kitten that died
from mange, and it is likely that bobcat kittens are susceptible to the same diseases their mother
encounters. Ultimately, the low kitten survival observed during this study is likely a result of
multiple interconnected factors.
Similar to kitten survival, estimates of reproductive rates were also lower than previously
reported. The breeding success rate in 2020 was on par with previous estimates, which range
from 0.46 – 0.69 (Fritts and Sealander 1978, Tycz 2016, Landry 2017), while the estimate for
2021 was lower than the average. Average litter size was also smaller than previously reported
estimates of 2.45 – 3.7 (Gashwiler et al. 1961, Crowe 1975a, Fritts and Sealander 1978, Nomsen
1982, Lovallo 2007). This was likely driven by the 2021 season, when there were no litters
composed of more than 2 kittens. Prey abundance can have a detrimental effect on breeding
success and litter size, in addition to decreasing kitten survival. In the Black Hills and throughout
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their range, lagomorphs (Sylvilagus and Lepus spp.) are a primary prey source for bobcats (Tycz
2016). Knick (1990) found that there was lower breeding success for bobcats in Idaho during
years of low prey abundance compared to years of higher rabbit availability. In 2016, Tycz
observed that lower pregnancy rates coincided with decreased occurrence of lagomorphs in the
diet of bobcats in the Black Hills. Reproduction often declines during seasons of lowered food
abundance for a variety of species including lynx (Brand and Keith 1979), marbled murrelet
(Becker et al. 2007), primates (Fedigan 1983), and otter (Ruiz-Olmo et al. 2001). Additionally,
lynx breeding success and litter size were lower in years of cyclic decline of snowshoe hares
(Brand and Keith 1979, Mowat et al. 1996). If there was a decline in lagomorph density in the
Black Hills during 2020, which would coincide with the majority of kitten mortalities occurring
in the fall of that year, then this decline would have persisted until at least March 2021, when
lagomorph reproduction peaks in South Dakota (Conaway et al. 1974). Because the bobcat
breeding season typically occurs from February – April (Gashwiler et al. 1961, Fritts and
Sealander 1978, Moriarty 2007), the lowered breeding success could have been influenced by a
reduction in prey abundance.
As discussed above, low prey abundance can be a significant cause of low kitten survival
and reproduction. Fluctuations in lagomorph abundance between 2020 and 2021 could have
contributed to the high number of kitten mortalities caused by starvation, as well as the
difference in timing of mortalities between years. Based on previous studies on young carnivore
survival (Logan and Sweanor 2001, Boutros 2002, Lovallo 2007, Moriarty 2007), most
mortalities were expected to occur during the first 3 months (May – July) and predation to be the
leading cause of mortality. Our results from 2021 were similar to these previous studies, with
80% of mortalities occurring during this time frame. However, during 2020, a majority of the
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mortalities occurred between 3 – 6 months (August – October). At this stage bobcat kittens are
no longer protected by a den and therefore may be more susceptible to predation. Additionally,
they are spending increasing amounts of time independent from the female (Moriarty 2007) and
are likely beginning to hunt on their own in the fall, which, coupled with a potentially low prey
density, could have resulted in the high number of starvations observed during this time. Other
factors, such as disease, could be causing underlying effects on bobcat kitten mortality even
though they were not detected.

DNA Analysis
This study contributes to the increasing use of molecular approaches to augment predator
identification and furthers our understanding of bobcat ecology and interspecific relationships
among carnivores. In addition to successfully detecting cougars at mortality sites, cougar DNA
amplified just as frequently as coyote DNA. Additionally, empirical evidence suggests that the
probability of intraguild killing is higher among taxonomic families (Donadio and Buskirk
2006). This suggests that cougars may be a more important source of predation than previously
thought. Interference competition and intraguild predation by cougars on bobcats has been
documented in several systems (Koehler and Hornocker 1991, Hass 2009). In particular, there
was greater dietary overlap and resource overlap of topographical and habitat features in winter
compared to summer (Hass 2009). The overlap of resources in winter may increase the
likelihood of bobcat kittens interacting with cougars, leading to a negative outcome for the
kittens. Thus, while the success of identifying the species responsible for predation using DNA
was 33% (4 out of 12 suspected predation events), it remains a valuable tool for furthering our
understanding of bobcat natural history and interspecific competition.
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An additional advantage of DNA analysis is that it provides empirical data over
observational data, which can sometimes misidentify the predator responsible for mortalities
(Hernandez et al. 1973, Farrell et al. 2000, Mumma et al. 2014). Predator identification using
traditional methods (i.e. visual assessment of the carcass) may be obscured by similar
consumption methods, minimal remains, observer inexperience or scavenging (Larivière 1999,
Rosas-Rosas et al. 2008, Peelle et al. 2019). This was exemplified in my study when cougar
DNA was amplified at a mortality site originally attributed to great horned owl. Only the head
was consumed, which is a known characteristic of owl behavior (Hygnstrom and Craven 1994),
leading the field investigation to conclude that a raptor was the likely predator. This highlights
the benefit of combining traditional field investigations with DNA analysis in mortality studies.
It is likely that several factors inhibited the success rate. One contributing factor could
have been the duration of time between the date of death and the date the remains were
discovered. Harms et al. (2015) determined that samples collected within 24 hours were >83%
successful while samples collected after 48 hours were < 50% successful. Additionally, Piaggio
et al. (2020) found that the success of identifying the predator species fell below 50% after 24
hours. With an average time of 3.3 days between estimated date of death and the location of the
mortality site for this study, it is likely that the success rate would have increased if I had been
able to access the remains earlier. This is supported by the fact that the average time elapsed was
only 1.8 days for mortalities where the predator was positively identified. The field conditions
could have also contributed to the degradation of DNA and the observed success rate. The
southern Black Hills are composed of ponderosa pine forests and open grasslands, both of which
provide little canopy cover. Combined with the high temperatures, which can reach over 38 °C in
the summer, the exposure to the sun and heat could have increased DNA degradation, resulting
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in a decreased success rate. Lastly, the composition of the substrate that was swabbed could have
factored into the success rate. Peelle et al (2019) noted that the non-porous material of their
collar (composed of a hard plastic and polyvinyl chloride tubing) likely contributed to their
increased success of collar swabs compared to swabs from remains. In comparison, our kitten
collars were composed of acrylic resin (which housed the transmitter), leather, and nylon fabric
that covered the surgical tubing. The porous nature of the leather and fabric could have made it
more difficult to successfully collect DNA.
In addition to those contributing factors, it is possible that I excluded potential predators
from analysis. Cougar and coyote were chosen as likely predators of bobcat kittens because they
have been known to predate adult bobcats (Ackerman et al. 1984, Knick 1990, Koehler and
Hornocker 1991, Fedriani et al. 2000). Additionally, coyote predation has been documented for
bobcat kittens based on field investigations (Moriarty 2007). Other species have been proposed
as predators of bobcat kittens due to their smaller size compared to adult bobcats, such as red fox
(Vulpes vulpes), and great horned owl (Bubo virginianus) (Young 1978). However, Major and
Sherburne (1987) found no evidence of competition between bobcat and red fox, which was why
I elected not to include them as a potential predator. Nonetheless, there is still a possibility that
red foxes could predate bobcat kittens and it simply has not been documented yet. There were
limited remains at the mortality site attributed to golden eagle predation. Other mortality sites
with similar amounts of remains could therefore have also been a result of raptor predation and
simply lacked field evidence (i.e. feathers or pellets). However, raptors have poorly developed
salivary glands (Denbow 2014), which is likely the reason we did not successfully amplify avian
DNA from the suspected golden eagle predation. Additionally, there is the possibility that
infanticide by adult bobcats occurred. I was unable to detect predation from other bobcats
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because this method used mitochondrial DNA, which has lower resolution for individual
identification compared to nuclear DNA. Thus, it is possible that additional species were
responsible for predation and were not detected due to the methods used.
The use of qPCR in this study was ideal for the low concentrations of DNA in our
samples and was more cost effective compared to other methods. Future studies seeking to use
this method of predator identification could use alternative molecular approaches such as
metabarcoding with universal primers, which could allow for other predators to be detected.
Alternatively, DNA analysis of mortality sites could be combined with occupancy modeling by
collecting multiple swabs per carcass and estimating how likely it is that an individual who does
not amplify predator DNA was actually killed by that predator. Additionally, it would be
advantageous to perform an experiment comparing the success of saliva swabbing in a variety of
field conditions and on multiple substrate types. Similar to the studies conducted by Harms et al.
(2015) and Piaggio et al. (2020), this would further our understanding of the factors influencing
success rates and thus increase the benefits and applications of this method for field studies.

2.6 Management Implications
These results will inform management of bobcats in the Black Hills. Critically, the
survival and reproductive rates determined by this study will inform the creation of a
demographic matrix projection model for bobcats in the Black Hills. With a complete
demographic model for the population, managers can use sensitivity analysis to determine which
demographic rates influence population growth rate. Understanding the impact of annual kitten
survival on the population growth rate will be critical for the continued management of bobcats
in this study area.
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2.8 Tables
Table 2.1. Average demographic parameters for kitten and adult bobcats (Lynx rufus) across North America.

Authors
Location
Litter Size
Blackwell et Utah, USA
al. 1991
Blankenship Texas, USA
and Swank
1979
Crowe 1975a Wyoming, USA
2.79
Fritts and
Arkansas, USA
2.5
Sealander
1978
Gashwiler et Utah, USA
3.5
al. 1961
Gilbert 2000 Wisconsin, USA
2.0 – 2.7
Hoppe 1979
Michigan, USA
Landry 2017 West Virginia, USA 0.51 – 2.85
Lehman et al. South Dakota, USA
2019
Litvaitis et
Maine, USA
al. 1987
Lovallo 2007 Pennsylvania, USA
Moriarty
California, USA
2007
Nomsen
South Dakota, USA
2.5 – 3.75
1982
Parker and
Nova Scotia, CA
2.22 – 2.74
Smith 1983
Rolley 1983 Oklahoma, USA
2.25 – 2.66
Tycz 2016
South Dakota, USA
1.05 – 2.79
a
Calculated using radiomarked bobcats
b
Calculated using life tables

Demographic Parameters
Kitten Survival Adult Survival
0.09a

Breeding Success

0.29b

0.07 – 0.71b

0.38 – 0.50b
0.33b
0.78 – 0.86b

0.61 – 0.78

0.33 – 0.88

0.52 – 0.81
0.73

0.19 – 0.97

0.71
0.64a
0.09a

0.30b
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0.69

0.58 – 0.63

0.26 – 0.73

0.53 – 0.66
0.65 – 0.75

0.46 – 0.92
0.44 – 88.2

Table 2.2. Summary of breeding success for female bobcats (Lynx rufus) in the Black
Hills, SD, USA, 2020 - 2021.
Bobcat ID
B02
B03
B05
B22
B27

Age in 20201
A
A
A
A

Age in 20211
A
A

B30
B32
B38
B44
B46

A
A
A
A
A

A
A
A
A

N
Y
Y
Y
Y

N
Y
N
N

B47
B48
B49
B50
B55

A
A
A
Y
Y

A
A
A
A

N
Y
Y
N
N

Y
N
N
Y

B57
B59
B60
B62
B64

A
Y
Y
Y
Y

A
A
A
A

N
Y
Y
Y
Y

N
Y

B69
B71
B72
B73
B75

A
A
A
A
A

A
A
A
-

Y
N
Y
Y
N

N
N
N
-

B79
B85
B86
B87
B91

A
A
Y
-

A
A
A
Y

N
N
N
-

Y
Y
N
N

A
A
Y
A
Y

-

N
Y
N
N
N

B97
B98
B101
B106
B116
1
Y = Yearling, A = Adult
2
Y = Yes, N = No

46

Reproduced in 20202
N
Y
N
Y

Reproduced in 20212
N
N

N

Table 2.3. Breeding success models
for bobcats (Lynx rufus) in the Black
Hills, SD, USA, 2020 – 2021, and
their ΔDIC scores.
Covariates
ΔDIC
Year
0.00
Intercept-only
0.23
Age of female
3.93
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Table 2.4. Litter size models for bobcats
(Lynx rufus) in the Black Hills, SD, USA,
2020 – 2021, and their ΔDIC scores.
Covariates
ΔDIC
Intercept-only
0.00
Year
0.96
Age of female
2.18
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Table 2.5. Survival models for bobcat kittens
(Lynx rufus) in the Black Hills, SD, USA, 2020 –
2021, and their ΔDIC scores.
Kitten Survival Covariates
ΔDIC
0
Minimum daily temperature
15

Litter Size

20

Female Age
Intercept Only
Age of female + Date of birth + (Date of
birth)2
Age of female x Litter size
Date of birth + (Date of birth)2
Age of female + Litter size
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21
28
28
33
34

Table 2.6. Causes of mortality for bobcat (Lynx rufus) kittens
during 2020 and 2021 in the Black Hills, SD.
Cause of
mortality
Predation
Starvation
Other
Unknown
Total

2020

2021

Total Count

10
9
2
4
25

2
4
0
1
7

12
13
2
5
32
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Table 2.7. Probability of cause of mortality, with 95% confidence intervals for causes of bobcat
(Lynx rufus) kitten mortality in the Black Hills, SD, USA, 2020 – 2021, based on the age of the
mother (adult or yearling).
Cause of mortality
Predation
Starvation
Other
Unknown

Age of female
Adult
Yearling
Adult
Yearling
Adult
Yearling
Adult
Yearling

Probability of occurrence
Lower CI Upper CI
0.44
0.24
0.67
0.26
0.08
0.56
0.41
0.2
0.64
0.35
0.13
0.66
0.08
0.01
0.28
0.12
0.01
0.43
0.07
0.01
0.28
0.27
0.08
0.56
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2.9 Figures

Figure 2.1. The Black Hills National Forest Fire Protection District
(outlined in black). Landownership within the Black Hills is a mix of
Forest Service, National Park Service (Wind Cave National Park, Jewel
Cave National Monument, and Mt. Rushmore National Memorial), State
land (Custer State Park, Game Production Areas), and private land (white).
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(a)

(b)

Figure 2.2. Examples of bobcat (Lynx rufus) dentition at (a) estimated 2 weeks and (b)
estimated 6 weeks from bobcat kittens in the Black Hills, SD, USA, 2020 - 2021. At two
weeks old, the incisors and canines are beginning to erupt. By the time kittens are 6 weeks old,
the incisors and canines have fully erupted, and second upper premolar is beginning to erupt
(circled in red).
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Figure 2.3. Bobcat (Lynx rufus) kitten collar designed by Wildlife Materials using the SOM2380M transmitter for use in the Black Hills, SD, USA, 2020 - 2021, with a stretch panel
designed to expand as the kitten grows.
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Figure 2.4. Expected annual survival probability of bobcat kittens (Lynx rufus) in the Black Hills,
SD, USA, with 95% credible intervals in the grey ribbon, resulting from the Bernoulli model
which incorporated a linear effect of minimum daily temperature on survival.
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Chapter 3: Den Site Selection
Abstract
The bobcat (Lynx rufus) is an important furbearer across the United States. However,
management of bobcats can be difficult because of their elusive nature. Bobcat resource selection
can vary across spatial scales and has been well studied at the home range and habitat patch level
(2nd and 3rd order selection). There have been fewer studies on microhabitat selection (4th order
selection) of denning sites. Little is known about bobcat den site selection and this project aims
to provide resource selection of bobcat den sites in the Black Hills, South Dakota, USA. My
objectives for this study were to compare resource characteristics of den sites to random sites
within a bobcat’s home range at two spatial scales: (1) the den site and (2) the den area. Female
bobcats were radio collared (n = 35) and dens (n = 27) were located using ground telemetry. I
evaluated bobcat den site selection using discrete choice analysis. Bobcats selected dens that had
significantly higher horizontal cover compared to random sites at the den site scale. Bobcats
selected dens that had significantly higher horizontal cover and terrain ruggedness compared to
random sites at the den area scale. These results suggest that den site selection is perhaps
strongly driven by the need for concealment from predators.

56

3.1 Introduction
Interactions between animals and their environment is a fundamental focus of ecology
and it is critical for researchers and biologists to understand how animals select resources in
order to effectively manage or conserve a species of interest. Resource selection is defined as a
series of behavioral decisions made by an animal about what resource it will use (Hall et al.
1997), and is driven by factors that would increase an animal’s survival and reproduction. By
studying the resources a species chooses to use, managers can determine the environmental
features needed to maintain a sustainable population, assuming the population in question is not
a sink population. These environmental features can vary temporally or spatially, and it is critical
for managers to understand how different habitat attributes are used by a species of interest to
create effective management policies.
Resource selection can be viewed as a hierarchical process based on distinguishing
behavioral decisions across spatial scales (Johnson 1980). Within a species range (1st order
selection), animals choose a home range (2nd order selection) and select habitat patches to use
within that home range (3rd order selection). From these patches, animals then choose specific
sites for feeding, resting, or other uses (4th order selection) (Johnson 1980, Manly et al. 2007,
Davidson et al. 2012). Resource selection can differ depending on the scale, and microhabitat
selection (i.e., 4th order selection) can vary across hunting, resting, denning and other activities.
For example, lions in Tanzania and Zimbabwe shifted their home ranges (2nd order selection) and
selected habitat patches within their range (3rd order selection) based on prey abundance.
However, when the lions were hunting, they chose areas that provided better cover for catching
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prey as opposed to areas where the prey was more abundant (4th order selection) (Hopcraft et al.
2005, Davidson et al. 2012).
While bobcat resource selection has been well studied at the home range and habitat
patch level (2nd and 3rd order selection; Litvaitis et al. 1986, Lovallo and Anderson 1996, Reed et
al. 2017), there have been fewer studies on microhabitat selection (4th order selection; Anderson
1990, Kolowski 2002, Mosby et al. 2012). Previous studies of bobcat home range and habitat use
found that bobcats selected home ranges based on low average monthly snow depth and high
prey availability, and chose habitat patches within their home range that supported high prey
densities and were on south/southeast facing exposures (Knowles 1985, J. A. . Litvaitis et al.
1986, Lovallo and Anderson 1996, Lovallo 2000, Reed et al. 2017). Additional habitat
associations have been found with steep slopes, dense vegetation, and high horizontal
concealment but few studies have linked habitat characteristics with behavior. While our
knowledge of 3rd order selection is informative, it may not be an effective predictor of 4th order
selection; different activities may result in different microsite selection patterns, which in turn
may alter demographic rates. Variation in selected hunting sites impacts adult and kitten survival
rates, while den site selection impacts reproductive rates and kitten survival. Because changes in
the reproductive rates may have a significant effect on population dynamics, it is critical to
understand what resource characteristics influence den site selection.
Young bobcats depend on a den that provides concealment and protection from the
weather and predation. Compared to hunting and resting microsites, dens are used for a longer
duration and need to protect bobcat kittens, especially in the first month after being born when
they are confined to the den (Boutros 2002). While I am not aware of research examining
resource characteristics of bobcat den sites, it has been studied for several carnivores including
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cougar, Iberian lynx, Eurasian lynx, Canada lynx and pallas cat (Fernández and Palomares 2000,
Boutros 2002, Ross et al. 2010, Elbroch et al. 2015, White et al. 2015). These studies have
described the physical nature of carnivore dens such as structure and concealment factors (Arjo
et al. 2003, Lovallo 2007, Moriarty 2007) as well as resource characteristics that might indicate
which is the best predictor of carnivore den site selection (Fernández and Palomares 2000, Ross
et al. 2010, Elbroch et al. 2015, White et al. 2015). These characteristics include rugged terrain,
cover from predators, and structural protection from weather and temperature extremes.
A successful den provides thermal regulation and protection from extreme weather and
predators (Fernández and Palomares 2000, Boutros 2002). Bobcat dens are typically found in
rocky crevices, caves, hollow logs, dense piles of brush, or in cavities under tree roots (Lovallo
2007, 2013, Moriarty 2007). These are often closed structures, or covered by dense vegetation,
which prevents kittens from being directly exposed to snow, hail, or thunderstorms. Closed
structures also prevent direct solar radiation from reaching the den interior, which controls the
ambient temperature inside the den, helping protect the kittens from thermal extremes. A
successful den is well camouflaged, which helps prevent predators, such as coyotes and cougars,
from depredating bobcat kittens (Boutros 2002). Bobcats have both a natal den, where parturition
occurs, and up to five maternal dens, which are used post-parturition and may help with predator
avoidance (Moriarty 2007, Lovallo 2013). Because reproductive success is critical for population
persistence, it creates a strong selective pressure on strategies that increase juvenile survival,
such as the selection of a quality den site (Jackson et al. 2014).
Several resource characteristics that would provide protection from predators and severe
weather are thought to influence carnivore den site selection, including vertical and horizontal
cover (Fernández and Palomares 2000, Squires et al. 2008, Van der Meer et al. 2013, Elbroch et
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al. 2015). In the context of this research, vertical cover is defined as the aerial view of the site,
including canopy cover. Horizontal cover is defined as the transverse view, as seen from eyelevel, and includes cover provided by shrubs, rocks, and topographical features (Silvy 2013).
Cougars in the Southern Yellowstone Ecosystem selected den sites for their high horizontal
concealment, vertical cover, and substantial protective structure. The percent canopy cover,
downed logs, and horizontal cover were all higher at den sites compared to random sites. The
high percentage of canopy cover and downed logs likely provide vertical cover that would
protect cougar kittens from avian predators and inclement weather (Elbroch et al. 2015). Iberian
lynx in Spain were highly selective of the physical structure of the den, which were often in
hollow trees and dense bushes, and no preference was given to habitat features such as prey
densities or distance to neighboring territory (Fernández and Palomares 2000). These structures
would likely provide horizontal cover to help conceal the lynx from ground predators. In
Montana, Canada lynx selected den sites that had high horizontal cover and downed log volume
(Squires et al. 2008).
Another way bobcats can avoid disturbances and increase protection from predators at
dens is to select for rugged terrain. Rugged terrain can reduce the risk of disturbance and kitten
mortality by limiting human and predator access (Magoun and Copeland 1998, Ross et al. 2010).
Maternal dens were potentially selected for their steeper slopes by pallas cats in Mongolia (Ross
et al. 2010) and in Norway, lynx consistently chose den sites in more rugged terrain compared to
random sites (White et al. 2015). In Washington state, USA, bobcats preferred higher elevations
and rockier terrain compared to coyotes (Koehler and Hornocker 1991), which could help with
predator avoidance during the denning season.
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Bobcat den site selection could also be influenced by the distance to the nearest road. In
order to decrease the possibility of human disturbance, some carnivores select den sites farther
from roads (White et al. 2015). Roads also serve as travel corridors for carnivores, and therefore
less dominant carnivores may choose to den farther from roads as an act of predator avoidance
(Van der Meer et al. 2013). African wild dogs, when living in a high lion density area, selected
dens that were farther away from roads, which lions often used as travel corridors (Van der Meer
et al. 2013). White et al. (2015) found that lynx dens were located farther away from public and
private roads in Norway, where a majority of harvested lynx are killed within three kilometers of
a road (Basille et al. 2009). In Arizona, kit fox space use was negatively associated with offhighway vehicle (OHV) road density during the winter, which coincided with denning and pup
rearing as well as higher OHV use compared to the summer (Jones et al. 2017).
In addition to selecting sites that provide protection from predators and inclement
weather, studies have also shown that carnivores prefer dens that provide thermal regulation.
One of the ways bobcats can regulate thermal conditions inside dens is by selecting den sites
based on aspect. Investigations of Eurasian lynx dens described den interiors as having cooler
temperatures compared to the environmental temperature and soft, dry soil substrate to help
kittens regulate their body temperature (Boutros 2002). In the northern hemisphere, northern
aspects are often shaded, which could aid in thermal regulation by reducing the amount of direct
solar radiation and controlling the ambient temperature in the den interior (Boutros 2002). Lynx
in Montana preferred northeasterly aspects and pallas cats selected den sites on shady aspects,
based on a Solar Radiation Index (Squires et al. 2008, Ross et al. 2010).
Although studies on carnivore den site selection often include distance to permanent
creeks or bodies of water (Boutros 2002, Squires et al. 2008, Elbroch et al. 2015), none of these
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studies found a relationship between den sites and distance to water. Bobcat selection of habitat
patches and microsites has been associated with creeks and drainages and is often correlated with
increased vegetation cover. It is thought that bobcats may therefore be using these areas to hunt
prey and to travel through (Conner and Leopold 1998, Kolowski 2002, Mosby et al. 2012).
Additionally, bobcats may choose microsites close to water during the denning season because
rearing kittens is energetically demanding, and lactating can increase energetic needs up to three
times the amount of normal energetic needs (Boutros 2002, Moriarty 2007). Therefore, bobcats
not only select hunting sites near water but may also select dens closer to sources of water in
order to produce enough milk for the entire litter.
For this chapter, I will study resource selection at bobcat den sites by comparing habitat
variables at den sites to variables at randomly available sites within a female’s home range. It is
critical to study den site selection because the survival of young bobcats depends in part on a
successful den. Additionally, microhabitat selection may change based on the behavioral state of
a bobcat; selection for den sites may differ from selection for hunting sites and rest sites.
Therefore, it is important to understand the resource characteristics associated with denning
behavior as den sites may be a potentially limiting factor for bobcats. This study will inform
management strategies by identifying characteristics important in den site selection.

Hypotheses
Based on the objectives and literature review above, I have developed the following hypotheses
and predictions to test den site selection.
I.

Bobcats will select features that provide concealment of den sites from predators,
determined by horizontal and vertical cover. I predict that horizontal and / or vertical
cover will be greater at den sites relative to randomly available sites.
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II.

Bobcats will seek to minimize interactions with humans and other predators. I predict that
den sites will be in more rugged terrain and / or farther from roads compared to randomly
available sites.

III.

Bobcats will seek to regulate the temperature of the den interior. I predict that den sites
will be on a northern aspect or in areas with high canopy cover compared to random sites.

3.2. Study Area
Field work was conducted in the Black Hills, South Dakota within the boundaries of the
Black Hills National Forest Fire Protection District (Fig 3.1). This includes Lawrence, Meade,
Pennington, Custer, and Fall River counties and is a mix of landownership including: The Black
Hills National Forest, Bureau of Land Management, Custer State Park, Wind Cave National
Park, and private lands. The Black Hills receive an average 50 cm of precipitation annually, with
60-73% of that occurring during May-October (Hoffman and Alexander 1987). In 2020 and
2021, total annual snowfall ranged from 84 cm in Edgemont to 343 cm in Lead and temperatures
ranged from -33° C in February to 38° C in July and August (National Climatic Data Center
2021). The northern Black Hills typically receive more precipitation compared to the southern
Black Hills.
The Black Hills are largely dominated by coniferous forest, progressing to open
grasslands on the lowest slopes (Dewitt et al. 1986). The forested areas are dominated by
ponderosa pine (Pinus ponderosa), with patches of white spruce (Picea glauca), bur oak
(Quercus macrocarpa), aspen (Populus tremuloides), and paper birch (Betula papyrifera).
Dominant shrub species of the pine forest understory are western snowberry (Symphoricarpos
occidentalis) and common juniper (Juniperus communis) (Hoffman and Alexander 1987). These
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shrubs provide potential concealment from predators and protection from severe weather for
young bobcat kittens either as a den site or when they are older and venturing from the den.
Wildfire and mountain pine beetle (Dendroctonus ponderosae) infestations create openings in
the forest. Elevation ranges from 975 m in the southern Black Hills to 2207 m at Black Elk Peak.
Mountainous terrain comprises much of the central core of the Black Hills, formed by great
sheets of granite intruding through the surrounding metamorphic rocks. The remainder of the
Black Hills is characterized with moderately steep slopes dissected by deep canyons, formed
from the limestone plateau (Dewitt et al. 1986).

3.3 Methods
Field Work and Data Collection
Adult capture
In order to locate bobcat dens, I first needed to radio-collar adult females. Bobcats were
radio-marked in the Black Hills as part of a separate study to estimate annual survival of adults.
SDGFP personnel conducted trapping between September and April, 2016 – 2021. Adult bobcats
were captured using either guillotine or swing door style cage traps baited with scent lures and
other attractants. Once captured, female bobcats were aged based on body size, weight, and signs
of previous lactation. Bobcats that showed signs of previous lactation were classified as adults
while bobcats that did not show signs of previous lactation but weighed > 5 kg were classified as
yearlings. Bobcats occupying the “yearling” age class transitioned to the “adult” age class on
May 1st the next year. A recreational trapper incentive program was used during the 2019 – 2020
and the 2020 – 2021 seasons to capture additional bobcats. Trappers were paid $750 in 2019 –
2020 and $500 in 2020 – 2021, over twice as much as the average pelt price for the year, for each
cat they provided to the program. Bobcats were radio-marked using very high frequency (VHF)
collars (ATS M2220B) equipped with a mortality switch set to activate after 12 hours of
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inactivity and have a life expectancy of 1598 days. In 2021, three bobcats were fitted with GPS
collars (Vectronic Vertex Lite-1C Iridium). The collars were programmed to obtain a location
every 13 hours and equipped with a mortality switch set to activate after 12 hours of inactivity.
They have a life expectancy of 533 days.
Location of den sites
In order to locate dens, adult females were monitored at least 3 times per week from
March – August using ground triangulation. Females typically begin denning in March and have
been known to den throughout the summer (Gashwiler et al. 1961, Fritts and Sealander 1978,
Moriarty 2007). Bobcats exhibit strong site fidelity and a reduction in daily movement distance
after parturition (Moriarty 2007). Therefore, if a female was located for 4 consecutive days
within a 500 m radius and continued to localize in that area, I assumed she inhabited a den and
parturition had likely occurred within those days. After 1 – 4 weeks from the date of assumed
parturition, at least 2 researchers would check the female’s location to ensure she was in the den
and then carefully approached to see where she left from, exposing the den location. There were
occasions where bobcats fled the area before researchers were close enough to see where she left
from. Some dens were searched for multiple times but were never located.
Habitat Surveys
I evaluated den site selection by comparing resource characteristics between known den
sites and random sites within a female bobcat’s home range. I determined home ranges using
data obtained from monitoring denning behavior to construct minimum convex polygons (MCP;
Fig 3.2; Worton 1987). I determined home ranges from bobcat locations obtained one month
before parturition, which was chosen to accurately reflect the area used prior to denning. Bobcats
use natal dens, where parturition occurred, and up to five maternal dens, used post-parturition, to
raise their kittens (Moriarty 2007, Lovallo 2013). Within MCPs, I generated 1 – 3 random
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locations which I considered “available” for bobcat den sites, corresponding to the total number
of dens found. These sites were randomly generated within home range polygons in ArcPro 2.9.1
(ESRI 2021).
I collected resource variables from both natal dens and maternal dens and paired
available sites. Studies of lynx have shown that there is not a significant difference in the den site
selection between natal and maternal dens (Slough 1999, Boutros 2002, Squires et al. 2008), so
both den types are included in analysis. Resource characteristics were quantified 6-12 weeks
post-parturition, or until a sufficient amount of time had elapsed ensuring the family group has
left the area. Although some resource characteristics may have changed in those 6-12 weeks,
most characteristics would not have varied substantially so I prioritized not disturbing the family
group.
I measured characteristics at 2 spatial scales: the den site and the den area. I recorded
resource characteristics at five variable radius plots, with one plot at the center and four plots that
were placed 100 m in each cardinal direction (Figs 3.3; Squires et al. 2008). Site level data were
obtained from the center plot and den area level data were obtained from averaging over the plots
in the four cardinal directions.
At each plot I measured horizontal cover, vertical ground cover, canopy cover, tree basal
area, and aspect. I used a 0.5 X 3 m cover board (divided into 6 0.5 m2 sections) to provide a
visual estimate of horizontal concealment (Nudds 1977). Cover was quantified into classes
between 0 – 6, with 0 completely visible and 6 indicating the entire board was covered. I took a
total of 4 cover board readings at each plot, one in each cardinal direction, 10 m away from the
center of the plot. I estimated percent vertical ground cover of total herbaceous plants, grass,
forbs, shrubs, and rock in a 0.1-m2 quadrat (Daubenmire 1959) at 2-m intervals along transects in

66

cardinal directions away from the center of each plot (Fig 3.3) as well as one in the center of the
plot (n = 21). I measured canopy cover using a GRS densitometer (Stumpf 1993). I took a
densitometer reading every meter, for 12 or 13 m in each cardinal direction (13 m North and
South, 12 m East and West), totaling 50 readings. If the canopy covered the sighting mark, I
made a tally. The number of tallies was then doubled to determine % canopy cover for each plot
(Geographic Resorce Solutions 2016). I quantified downed woody debris as the total loading
value (metric tons/hectare) at each site using a pictorial guide (Simmons 1982). I measured large
tree (≥15.25 cm diameter at breast height [DBH]) basal area using a 10-factor prism (Sharpe et
al. 1976) and small tree (<15.24 cm DBH) basal area from a 5-m fixed radius plot. I recorded
aspect using a compass at the center of each plot for the prevailing downhill direction.
I also measured the terrain ruggedness and distance from the center plot to water and
roads using ArcGIS. I measured ruggedness using the Terrain Ruggedness Index (TRI; Riley et
al. 1999) which is based on a digital elevation model (DEM) for the study area (U.S. Geological
Survey 2021). I also calculated the distance from the den site or center point of a random site to
the closest body of water (creek, river, or lake) using the Streams GIS layer from the Black Hills
National Forest (U.S. Forest Service 2003). The distances from the den site to the closet public
road was evaluated using the Downloadable Local Roads GIS layer from the State of South
Dakota Department of Transportation and the Local Planning District/Organizations of South
Dakota (South Dakota Dept. of Transportation 2020). I evaluated the distance to both paved and
dirt roads to determine if bobcat den site selection differs between the two.

Data Analysis
I determined den site selection using discrete choice analysis (Cooper and Millspaugh
1999), which required covariate data from used and available locations, which together comprise
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a choice set. I paired each den site (natal or maternal) with 1 “available” site within the bobcat’s
pre-denning home range. I conducted discrete choice analysis at both the den site and den area
hierarchical scales (Tables 3.1, 3.2).
I assumed that the den site location was a multinomial random variable selected from the
choice set i:
𝑦𝑖 ~𝑀𝑢𝑙𝑡𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝜓𝑖 )
where yi is a Ni-dimensional vector of 0 (indicating the available location) and 1 (indicating the
used location), N is the size of choice set i, and ψi is a vector of the same dimension of yi that
gives the probability of selecting any option in the choice set and sums to 1. I modeled the
“utility” of the alternative j within choice set i as a linear function of environmental
characteristics and regression coefficients:
𝑈𝑖𝑗 = 𝛽1 𝑥𝑗1 + . . . 𝛽𝑛 𝑥𝑗𝑛
Where xj is one of the environmental covariates measured at the sites, n is the total number of
covariates in each model, and β is the slope coefficient, for which I assumed a logistic prior
distribution (0, 1). I calculated the relative probability of selecting alternative j in choice set i as:
𝜓𝑖𝑗 =

exp(𝑈𝑖𝑗 )
exp(𝑈𝑖𝑗 ) + exp (𝑈𝑖𝑎𝑣𝑎𝑖 )

.

Note that there is no intercept parameter in the utility functions above because it would cancel
out when calculating the relative probabilities.
Given rules of thumb described by Bolker et al. 2009, I limited models to include 10-20
samples per covariate. With a total of 27 choice sets I therefore limited models to include 1-2
total covariates. To determine which covariates most strongly influenced den site selection, I
classified variables into concealment effect, thermal regulatory effect, and predator avoidance
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effect (Table 3.1, 3.2) and used DIC to determine which covariate group best predicts den site
selection (Spiegelhalter et al. 2002).
I fit the discrete choice model using Bayesian methods with JAGS version 4.3.0
(Plummer 2003) via the jagsUI version 1.5.2 interface (Kellner 2021) in program R version 4.1.1
(R Core Team 2021). I ran 3 chains for each model using trace plots to determine an adequate
burn-in period and ran models until I achieved a convergence of 𝑅̂ ≤ 1.1 (Gelman et al. 2013). If
the 95% credible interval (CI) for a parameter did not overlap 0, I concluded that the covariate
had significant effect on den site selection. I also examined the models with 2 ΔDIC of the top
model to determine which variables had the strongest effect on den site selection.

3.4 Results
I located 27 dens from 19 bobcats in 2020 (n = 14) and 2021 (n= 7), of which 6 were
natal dens and 21 were maternal dens. I opportunistically found multiple dens from 4 bobcats
within the same year (n = 7 dens). The distance between these dens ranged from 97 – 691 m and
averaged 373 m. Bobcats denned in rock crevices (n = 21, Fig 3.4), downed woody debris piles
(n = 4, Fig 3.4), and shrub thickets (n = 2). Six of the rock crevices also had shrubs surrounding
the den entrance, providing further cover. Of the 19 bobcats, I found dens from 2 bobcats during
both 2020 and 2021. Although I located dens from 19 bobcats, a total of 24 bobcats exhibited
denning behavior, 8 of which exhibited denning behavior both seasons.

Resource selection analysis
At the den site spatial scale, there were 4 models within 2 ΔDIC of the top model and
included characteristics such as horizontal cover, rock cover, downed woody debris, and canopy
cover (Table 3.1). The top model only included horizontal cover and horizontal cover was
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present in each of the top 4 models. Within the top 4 models, the credible intervals for the slope
coefficients of rock cover, downed woody debris, and canopy cover all overlapped 0. Therefore,
I drew inference from the horizontal cover only model. This model indicated that bobcats
selected den sites with significantly greater horizontal cover compared to available sites (Table
3.1, Fig 3.5). Additionally, although they were not in the top models, bobcats had a slight
preference for den sites with greater rock cover (1.30, 95% credible intervals [CI]: 0.46, 2.69)
and greater percent slope (2.61, CI: 0.90, 4.64) compared to available sites (Fig. 3.6).
At the den area spatial scale, the top model included horizontal cover and terrain
ruggedness. No other models were within 2 ΔDIC. Compared to available areas in a bobcat’s
pre-denning home range, bobcats selected den areas with greater horizontal cover and TRI value
(Table 3.2, Fig 3.7, 3.8). Additionally, although they were not in the top models, bobcats had a
slight preference for den areas with greater canopy cover (1.22, CI: 0.25, 2.29), greater tree basal
area (1.04, CI: 0.23, 2.05), and greater percent slope (0.99, CI: 0.30, 1.84) compared to available
areas (Fig. 3.8).

3.5 Discussion
I found that bobcat den site selection was driven by horizontal cover at both the den site and
den area spatial scales. My results were consistent with other studies on carnivore den site
selection (Squires et al. 2008, Elbroch et al. 2015). Horizontal cover at the den site and den area
may protect kittens from mammalian predation (Boutros 2002). In Chapter 2, I identified coyote
and cougar as the species responsible for 33% of the predation events using DNA analysis. The
majority of the remaining predation events were also suspected through observational data to be
the result of coyote and cougar predation. Additionally, Moriarty (2007) attributed predation of
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bobcat kittens in California to coyotes and while Lovallo (2007) did not attribute predation of
bobcat kittens in Pennsylvania to a specific species, it was likely coyote, given that there is no
cougar population in the state. Both coyote and cougar rely on visual stimuli for hunting (Wells
1978, Wells and Lehner 1978, Logan and Sweanor 2001). Therefore, high horizontal cover at
den site might prevent predators from seeing the den entrance or the immediate surroundings,
protecting kittens from detection. Consistent with previous descriptions of den sites (Bailey
1974, Kitchings and Story 1984, Lovallo 2007), bobcats in the Black Hills primarily chose rocky
den sites (78% of dens, n = 21). Additionally, rock cover was slightly higher at den sites
compared to available sites, which would provide a large amount of horizontal cover in the
habitat directly surrounding the den.
Bobcats also exhibited selection at the den area scale, preferentially choosing areas with a
higher TRI value compared to available areas. This would likely provide additional protection
from predators such as coyotes, who prefer less rugged areas (Koehler and Hornocker 1991,
Kozlowski et al. 2008). However, cougars, similar to bobcats, prefer rugged terrain (Koehler and
Hornocker 1991). High horizontal cover at den sites, which might obscure the den from view,
may then increase protection of bobcat kittens from cougar predation. By selecting for den areas
that have high horizontal cover and high TRI values, bobcats are selecting habitat features that
would potentially protect kittens from both species of mammalian predators. By first choosing
den areas in more rugged terrain compared to available areas, where predators such as coyotes
are less likely to be, and then further selecting den sites that provide high horizontal cover, so
that cougars and coyotes may be unlikely to find the den, bobcats are potentially selecting den
sites and areas that would increase kitten survival. It is possible that because coyotes appear to be
the dominant predator of bobcat kittens (Lovallo 2007, Moriarty 2007), that the risk of predation
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is lower in more rugged terrain. Perhaps mortality sites where predation is determined to be the
cause of death occur in less rugged terrain compared to available sites. However, no studies that I
am aware of, have determined resource characteristics at mortality sites compared to available
sites in the surrounding area.
By selecting habitat features that might provide protection and concealment from predators,
bobcats in the Black Hills could be increasing kitten survival during the first few months of life,
when kittens are spending most of their time in or near the den. In previous studies of kitten
survival, survival was lowest during the first 3 months and was primarily caused by predation
(Lovallo 2007, Moriarty 2007). However, I observed that bobcat kittens had high survival during
the first 3 months, and then survival decreased after 3 months, with predation as a driving factor,
when kittens were no longer spending time around a den. The high horizontal cover, high TRI
values, and substantive shelter provided by rock dens could have resulted in higher kitten
survival during the first few months compared to previous studies (Lovallo 2007, Moriarty
2007), which took place in less rocky environments (i.e. Pennsylvania and California).
While my research aligned with previous studies on carnivore den site selection on the
importance of horizontal cover, it differed in relation to several other habitat features. Previous
studies have determined that carnivores select dens on north facing aspects in order to reduce the
thermal maxima of a den site (Boutros 2002, Squires et al. 2008, Ross et al. 2010). In contrast to
these studies, bobcats in the Black Hills had slight preference for den sites on western facing
aspects compared to random sites (-0.98, CI: -1.83, -0.15). This could be because the majority of
dens in this study were located in rock formations, which provide a significant reduction in the
temperature of the den interior compared to the surrounding landscape (Ross et al. 2010),
therefore, making thermal regulation via aspect unnecessary. Eurasian lynx also preferentially
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selected rock crevices for their den sites, which had a relatively cooler interior temperature
compared to the ambient temperature (Boutros 2002).
Additionally, in contrast to previous studies on carnivore den site selection (White et al.
2015, Jones et al. 2017), bobcats did not select den sites farther from roads compared to available
sites. Roads are often used by carnivores to move about the landscape with ease, so less
dominant carnivores may choose to select den sites farther from roads to avoid predators (Van
der Meer et al. 2013). Bobcats in the Black Hills potentially did not select den sites farther from
roads for several reasons. Because bobcat dens were in more rugged areas compared to available
areas within their home range, it is possible that the increased topography of the terrain provided
ample protection from disturbances on the roads. Alternatively, it is likely that bobcats could not
select sites far enough away from roads to make a significant difference. The average road
density in the Black Hills National Forest is 3.2 km/km2 (Lehman et al. 2016) which is roughly
three times higher than the average density of all National Forests (0.94 km/km2; Coghlan and
Sowa 1998).
Overall, this study provides important insight into bobcat 4th order selection. Previous studies
on 4th order selection have focused on hunting and rest sites, so the information provided by this
study fills a critical knowledge gap of bobcat microsite selection. While knowledge of hunting
sites can provide insight into aspects of adult survival, there has been a lack of information on
the resource characteristics influencing reproduction. By studying den site selection, this study
provides key information on how resource selection plays a part in increasing bobcat
reproduction, kitten survival, and the sustainability of the population over time.
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3.7 Tables

Table 3.1. Discrete choice models and their
corresponding ΔDIC scores for bobcat (Lynx rufus)
site selection at the den site spatial scale in the Black
Hills, SD, USA, 2020 – 2021.
Covariates
Horizontal cover
Horizontal cover + Downed log cover
Horizontal cover + Rock cover
Canopy cover + Horizontal cover
Slope + Distance to roads (combined) (m)
Slope + Distance to dirt roads (m)
Slope
Slope + Distance to paved roads (m)
Aspect + Rock cover
Rock cover
Canopy cover + Rock cover
Aspect
Aspect by season
Aspect + Canopy cover
Shrub cover
Distance to paved roads (m)
Distance to water (m)
Downed log cover
Distance to roads (combined) (m)
Distance to dirt roads (m)
Tree basal area
Canopy cover
Canopy cover + Downed log cover
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ΔDIC
0.00
0.90
1.00
1.28
6.67
10.41
11.17
11.82
20.64
24.84
25.68
27.84
28.93
31.11
32.06
34.05
34.34
35.10
35.39
35.44
35.66
36.44
37.51

Table 3.2. Discrete choice models and their
corresponding ΔDIC scores for bobcat (Lynx rufus)
site selection at the den area spatial scale in the
Black Hills, SD, USA, 2020 – 2021.
Covariates
TRI + Horizontal cover
TRI + Distance to paved roads (m)
Slope + Terrain Ruggedness
Terrain Ruggedness
TRI + Distance to roads (combined) (m)
TRI + Distance to dirt roads (m)
Horizontal cover + Downed log cover
Canopy cover + Horizontal cover
Horizontal cover
Horizontal cover + Rock cover
Canopy cover + Downed log cover
Canopy cover + Rock cover
Canopy cover
Slope
Slope + Distance to paved roads (m)
Aspect + Canopy cover
Tree basal area
Slope + Distance to dirt roads (m)
Slope + Distance to roads (combined) (m)
Rock cover
Downed log cover
Aspect + Rock cover
Distance to paved roads (m)
Distance to water (m)
Distance to roads (combined) (m)
Distance to dirt roads (m)
Shrub cover
Aspect
Aspect by season
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ΔDIC
0
4.54
4.95
5.01
5.22
5.59
6
6.22
6.51
7.39
21.43
22.25
22.78
23.16
23.21
23.25
23.93
25.28
25.663
26.48
28.27
28.53
28.8
30
30.28
30.38
30.92
31.13
32.83

3.8 Figures

Figure 3.1. The Black Hills National Forest Fire Protection District
(outlined in black). Landownership within the Black Hills is a mix
of Forest Service, National Park Service (Wind Cave National Park,
Jewel Cave National Monument, and Mt. Rushmore National
Memorial), State land (Custer State Park, Game Production Areas),
and private land.
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Fig 3.2. Example of bobcat (Lynx rufus) habitat survey sites in the Black Hills,
SD, USA, 2020 – 2021. The minimum convex polygon (MCP) was
constructed using bobcat locations from 1 month prior to parturition. The den
site and available site were surveyed at two spatial scales: (1) the site level
(center blue or red circle) and (2) the area level (4 blue or red circles in the
cardinal directions, averaged together).
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Figure 3.3. Sampling bobcat (Lynx rufus) den site selection in the Black Hills, SD,
USA, 2020 – 2021 at 2 hierarchical scales: den site and den area. The star represents
the den site and the triangles represent the 4 sampling sites that are averaged
together to obtain environmental variables representative for the den area.

82

(a)

(b)

Figure 3.4. Examples of variation in bobcat (Lynx rufus) den sites in the Black Hills, SD,
USA, 2020 – 2021. Den sites were located in (a) woody debris, (b) rock crevices, or shrub
thickets (not pictured). Den entrances are circled in red.
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Figure 3.5. The probability (with 95% credible intervals) of a bobcat (Lynx
rufus) using a den site as a function of horizontal cover in the Black Hills, SD,
USA, 2020 – 2021. This figure assumes a bobcat is faced with two choice sets
with one choice set always represented by the vertical line (mean horizontal
cover). The other choice set is represented by the x-axis. There is no variation
around the vertical line because, under the assumption of the discrete choice
model, bobcats will always choose 1 of 2 identical den sites with 50%
probability.
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Figure 3.6. Boxplot of significant variables at bobcat (Lynx rufus) used and available sites at the
den site spatial scale in the Black Hills, SD, USA, 2020 - 2021. Horizontal lines represent the
median value; lower and upper hinges represent the 25th and 75 percentiles; whiskers extend to the
smallest and largest values no further than 1.5 * interquartile range from each hinge; and the
remaining outlying points are plotted individually.
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(a)

(b)

Figure 3.7. The probability (with 95% credible intervals) of a bobcat (Lynx rufus) using a den area as a function of
(a) TRI and (b) horizontal cover in the Black Hills, SD, USA, 2020 – 2021. This figure assumes a bobcat is faced
with two choice sets with one choice set always represented by the vertical line (observed mean value). The other
choice set is represented by the x-axis. There is no variation around the vertical line because, under the
assumption of the discrete choice model, bobcats will always choose 1 of 2 identical den areas with 50%
probability.
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Figure 3.8. Boxplot of significant variables at bobcat (Lynx rufus) used and available sites at the
den area spatial scale in the Black Hills, SD, USA, 2020 - 2021. Horizontal lines represent the
median value; lower and upper hinges represent the 25th and 75 percentiles; whiskers extend to the
smallest and largest values no further than 1.5 * interquartile range from each hinge; and the
remaining outlying points are plotted individually.
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